Abstract. Designing movement into automotive seating is a means of countering the detrimental effects of fixed sitting postures. Twelve participants (six males and six females) were recruited to perform two simulated drives of 30 minutes under two seat movement conditions, single blind and in a balanced order. Interviews were conducted to understand in detail participants' views regarding the seat movement itself and the new seat concept. A discomfort questionnaire and a seat experience scale were completed at minute 0 (baseline) and after 30 minutes of each drive. Discomfort scores were collected for body parts -neck, shoulders, upper back, lower back, buttock area, knees and ankles -and overall body. A five-point Likert scale was used to rate responses to the six descriptors on a seat experience scale. The data from interviews indicated positive effects such as feeling refreshed and improved concentration. Although all participants were aware of the seat movement they got used to it quickly -it generally did not affect their driving. The discomfort and seat experience ratings showed a trend for lower discomfort with the fore-aft seat movement condition. Driver seat movement should be as least disruptive as possible to the driver, very small, slow, smooth and slightly perceptible.
Introduction
Driving is characterized by static sitting, referred to in the literature as postural fixity, which leads to driver physical fatigue due to the static loading [1] . Seat technologies are available to promote driver passive posture variation such as different types of massage systems [2] , also called microadjustment systems [3] , support systems [4] or active systems [5] . Another type of technology that allows introducing movement into the driver seat is through seat configuration variation, which is the method explored in this study. As an example, Veen et al. [6] investigated a seat movement system in which the backrest moved 1.5° backwards and the seat cushion 1° up and down (and back to the starting position) and concluded it had a beneficial effect on the wellbeing of the drivers. An experimental study by the author has shown that there was less reported discomfort with seat movement while driving compared to no seat movement [7] . Using the methods, driving rig and movement conditions standardized from previous studies [7, 8] , this paper reports on research conducted to understand in more detail the drivers' experience of the seat movement concept.
Methodology

Sampling
A sample of 12 participants (six males and six females) was recruited in the UK through local advertising. Permission to conduct the study was granted by the Loughborough University Ethical Advisory Committee in June 2017.
Rig and seat design
The driving rig was mounted on a 6 degrees-of-freedom Multi-Axis Vibration Simulator (MAViS) and the set-up replicated an automatic car with steering wheel, accelerator, brake pedals and an Infiniti Q30 Nissan seat (Fig. 1) . 'Follow driving' modules were used for the driving simulation. Remote electronic operation was used to deliver small, slow, smooth and slightly perceptible movement at a fixed speed. The two movement conditions were:
 Fore-aft seat movement -Movement 1 (M1): 2 increments in each direction (1 increment = 8mm) over 15 minutes.  Cushion and backrest angle movement -Movement 2 (M2): cushion -5 increments in each direction (1 increment = 1.7°) over 15 minutes, backrest -2 increments in each direction (1 increment = 0.5°) over 15 minutes.
Study design
Before the first drive, each participant selected their optimum driving position using a fitting trial 'iterative' method. The same range of movement was delivered to each participant and therefore the seat adjustments were relative to the individuals' optimum driving position. A 120-150 minute session involved two short simulated drives of 30 minutes. Movement was presented single blind and in a balanced order. A 10 minute recovery period was included between drives -Sammonds et al. [9] found this was the most effective break in terms of reduction of driver discomfort.
Questionnaires
Quantitative questionnaires were completed for each 30 minute drive at minute 0 (baseline) and after 30 minutes of driving:  Discomfort questionnaire: discomfort scores were collected for body parts neck, shoulders, upper back, lower back, buttock area and ankles -this scale was adapted from ISO 2631-1. The overall scale was based on the Borg CR100 scale, adapted from Sammonds et al. [9] . An open question was also included asking if participants had discomfort in any 'other' body area.  Seat experience scale: Descriptors for a 5 point Likert scale were used -'I feel refreshed', 'I do not feel distracted', 'I feel comfortable', 'I do not feel irritated', 'I feel energized' and 'I feel relaxed' (based on Ahmadpour et al. [10] ). A qualitative questionnaire concerning their reactions to the movement was given at minute 15. After the 30 minute drive, participants were interviewed about their experiences of the movement while driving, for example, if they noticed it, if it influenced their comfort and preferred direction and range of movement. At the end of both drives, a de-brief interview was conducted where the context of research was introduced and they were asked their views on its potential, for example, influence on driving activity and acceptability for real world driving.
3
Results and discussion
Sample
Descriptives of the 12 drivers are presented in Table 1 . 
Interviews
The audios from the interviews were analyzed by the researcher using NVivo software. After familiarization with the data, initial codes were generated, main themes were identified and then further sub-coded. The short interviews (at minute 15 and minute 30) showed that all participants noticed the seat movement in the first minutes of the drive and that the majority got used to it quickly and found it generally not distracting or annoying. Regarding seat movement preferences, different views were expressed. For example, half would like more control over the directions and/or range of seat movement, some liked the seat movement as experienced in the trials and two reported that they would prefer a seat without movement.
Concerning the de-brief interviews (at the end of the two drives), the majority of participants reported that generally the seat movement did not affect their driving and feelings of safety. Positive effects on driving were in terms of 'making more room available' or improving comfort. A negative impact was identified 'when the backrest was moved back', as participants felt the need to lean forward to reach the steering wheel. With reference to concentration, the majority of drivers did not report negative influences, in fact positive effects of awakening and awareness were reported. Regarding the trust and acceptability of the seat movement feature, participants perceived that if the range of seat movement was in accordance with their preferences they would like to use the feature. Participants justified this due to feeling the movement was not drastic but subtle and therefore not dangerous.
With reference to when they were likely to use the seat movement feature, the majority of the drivers perceived benefits with long drives and motorway driving when their body 'stiffens up' or they need some 'extra movement' and also in terms of improving concentration. It was also pointed out that as town driving itself requires more driver movement (due to traffic lights, cornering, etc.), this movement feature may not be so necessary. Participants also pointed out that they felt they would use it more when feeling tired, for example, to help them concentrate and relax driving home from work.
Discomfort and seat experience ratings
Discomfort scores for body parts and overall discomfort were collected at minute 0 and 30 of each drive. For body part discomfort ratings after 30 minutes of driving, there was a non-significant trend for higher discomfort ratings with M2 for the shoulders, upper back, lower back, buttock area, knees and ankles (Fig. 2) . Concerning the overall discomfort ratings at minute 30, a Wilcoxon signed-ranks test showed a statistically significant difference between conditions, with more overall discomfort for M2 (z=-2.405, p=0.016). Concerning overall discomfort at the start (0 minutes) and end (30 minutes) of the drive, there was also a statistically significant difference for M2 only, with more discomfort at the end of the drive (z=-2.762, p=0.003).
In addition, with regard to the seat experience scale, after 30 minutes of driving a non-significant trend for lower ratings (a lower level of agreement) was found for M2, for the descriptors 'I feel refreshed', 'I do not feel distracted', 'I feel comfortable', 'I feel energized' and 'I feel relaxed'.
3.4
The design concept
The findings indicate that movement should be as least disruptive as possible (very small, slow, smooth and slightly perceptible). The movement in the experimental seat generally worked well, for example, frequency, sound and directions used, but the range used for backrest-back movement is likely to need decreasing. Many individual preferences were expressed from the interviews and there was no agreement on preferred direction (i.e., fore-aft, cushion and backrest angle movement). Despite this, in terms of reported discomfort over this short drive, there was a trend for lower discomfort with the fore-aft seat movement condition.
Conclusions
The research advocates seat movement as a means of improving driver comfort. Overall seat movement should be very small, slow, smooth, slightly perceptible and with the least disruption to the driver. Although all participants were aware of the seat movement they got used to it quickly -it generally did not affect their driving. Positive effects such as feeling refreshed and improved concentration were reported. There was a trend for lower discomfort with the fore-aft seat movement condition, but this needs further exploration as subjective views varied. Long drives and motorway driving may be the most suitable for the use of the feature. Further data analysis will help understand links between participants' anthropometry (gender, age, stature and body weight) and their responses.
